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D scription ~~ 

BACKGROUND 

[0001 ] Alternative transportation fuels have been rep- 
resented as enablers to reduce toxic emissions in com- 
parison to those generated by conventional fuels. At the 
same time, tighter emission standards and significant 
innovation in catalyst formulations and engine controls 
has led to dramatic improvements in the low emission 
performance and robustness of gasoline and diesel en- 
gine systems. 

[0002] One approach to addressing the issue of emis- 
sions is the employment of fuel cells, particularly solid 
oxide fuel cells ("SOFC"), in a transportation vehicle. A 
fuel cell is an energy conversion device that converts 
chemical energy into electrical energy. The fuel cell gen- 
erates electricity and heat by electrochemically combin- 
ing a gaseous fuel, such as hydrogen, carbon monox- 
ide, or a hydrocarbon, and an oxidant, such as air or 
oxygen, across an ion-conducting electrolyte. The fuel 
cell generally consists of two electrodes positioned on 
opposite sides of an electrolyte. The oxidant passes 
over the oxygen electrode (cathode) while the fuel pass- 
es overthefuel electrode (anode), generating electricity, 
water, _ and heatr" — 

[0003] A SOFC is constructed entirely of solid-state 
materials, utilizing an ion conductive oxide ceramic as 
the electrolyte. The electrochemical cell in a SOFC com- 
prises an anode and a cathode with an electrolyte dis- 
posed therebetween. 

[0004] Application and research efforts during the 
20 th century into using SOFCs were generally concen- 
trated in the stationary power generation industry. Be- 
cause of those SOFC designs, the SOFC was not read- 
ily adaptable for use in a transportation vehicle. A trans- 
portation vehicle application imposes specific tempera- 
ture, volume, and mass requirements, as well as real 
world factors, such as fuel infrastructure, government 
regulations, and cost. 

[0005] Characterizing the output of the reformer and 
the SOFC stack are indicators of how well the overall 
SOFC system is performing. It is important to know the 
constituents and their proportions in the gas streams en- 
tering and exiting the SOFC stack. These gas streams 
are located in a high temperature environment (i.e., 
about 600°C to 1 ,000°C). Completing monitoring of the 
constituents and their proportions with conventional 
sensors is not feasible, since most sensors operate in 
environments with temperatures of less than 100°C, 
and with a gas stream temperature of less than 100°C. 

SUMMARY 

[0006] The drawbacks and disadvantages of the prior 
art are overcome by the solid oxide fuel cell process gas 
sampling. 

[0007] A method for monitoring process gas of a solid 



oxide-fuehcel|-system-is"disclosedrThe"method-com- 

prises directing a portion of process gas from a chamber 
of the solid oxide fuel cell system to a main plenum 
chamber. A portion of process gas is cooled to a meas- 

5 urable temperature and directed to a sensor for analyz- 
ing. 

[0008] A method for monitoring reformate of a solid 
oxide fuel cell system is disclosed. The method com- 
prises directing a portion of reformate from a chamber 
10 of the solid oxide fuel cell system to a main plenum 
chamber. A portion of reformate is cooled to a measur- 
able temperature and directed to a sensor for analyzing. 
A signal is relayed from the sensor to a controller. The 
cooled portion of reformate is eliminated from the solid 
15 oxide fuel cell system. 

[0009] A solid oxide fuel cell system is disclosed. The 
system comprises a chamber disposed around a solid 
oxide fuel cell stack and a waste energy recovery as- 
sembly. A means for diverting a portion of process gas 
contained within the chamber is in fluid communication 
with a means for cooling the diverted portion of process 
gas to a measurable temperature. The system also 
comprises a means for analyzing the cooled portion of 
process gas. 

[001 0] A solid oxide fuel cell system is disclosed. The 
system comprisesachamber disposed within the solid 
oxide fuel cell system. A means for diverting a portion 
of process gas contained within the chamber is in fluid 
communication with a means for cooling the diverted 
portion of process gas to a measurable temperature. 
The system also comprises a means for analyzing the 
cooled portion of process gas and a means for directing 
the cooled portion of process gas out of the solid oxide 
fuel cell system. 

[0011] The above described and other features are 
exemplified by the following figures and detailed de- 
scription. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Referring now to the figure, Figure 1 is sche- 
matic of an exemplary system mechanization of a trans- 
portation industry SOFC system incorporating process 
gas analysis sampling. 

DETAILED DESCRIPTION 

[0013] Application of a SOFC in a transportation ve- 
hicle imposes specific temperature, volume, and mass 
requirements, as well as "real world" factors such as fuel 
infrastructure, government regulations, and cost to be a 
successful product. The SOFC power generation sys- 
tem can be designed to focus on the power output nec- 
essary to serve as an auxiliary power unit (APU) on- 
board and not as the prime energy source of the vehicle. 
The efficient operation of the SOFC system permits 
electrical power to be generated on-board a vehicle 
even when the primary internal combustion engine is not 
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operating-(which"wit|-be-criticat-to-"no^idle""emissions" 
laws being enacted in global regions). The hydrocarbon- 
based fuel and atmospheric air are input into the system 
with electrical power, water vapor, carbon dioxide, and 
high-grade thermal energy as outputs. In order to deter- 
mine whether the SOFC system is performing within ap- 
propriate ranges, the gas streams of the SOFC system 
should be monitored. This can be completed by direct- 
ing a small sample of the gas stream from a stream with 
in the hot box chamber (e.g., the enclosure surrounding 
the SOFC stack, waste energy recovery assembly, and 
reformer) to the cooler environment of the process air 
section for sampling. The sampled gas can then be dis- 
charged via the waste energy recovery assembly. 
[0014] Referring now to Figure 1 , a mechanization of 
a SOFC system 10 is schematically depicted. The sys- 
tem enclosure 20 comprises a main plenum chamber 
12, an insulation plenum chamber 14 and a hot box 
chamber 16. The main plenum chamber 12 can com- 
prise the process air supply section 1 8 and the gas sen- 
sor 50. The hot box chamber 1 6 can comprise a SOFC 
stack 24, a reformer system 22, and a waste energy re- 
covery (or heat exchanger) assembly 26. 
[0015] A supply of air (or oxidant) 30, exterior to the 
system enclosure 20, provides airto the process air sup- 
ply section 1 8 located within the main plenum chamber 
12. The process air supply section 18 can optionally 
comprise a main blower (not shown) and air control 
valves (not shown). A supply of fuel 40, exterior to the 
system enclosure 20, provides fuel to the SOFC system 
1 0. The fuel can optionally be provided via fuel injectors 
(not shown) located within the main plenum chamber 
12. The supply of fuel 40 and a fiow of air 32 can be 
directed to the reformer system 22. Distribution of the 
reformate 42 from the reformer system 22 can optionally 
be accomplished with a reformate control valve (not 
shown) controlled by an electrical actuator (not shown). 
All or a portion of the supply (or stream) of reformate 42 
created in the reformer system 22 can be directed to the 
waste energy recovery assembly 26. Prior to entering 
the waste energy recovery assembly 26, a sample of 
the reformate stream can be directed via tubing 52 to 
the gas sensor 50 for monitoring. Another embodiment 
of monitoring the SOFC system 10 gas streams, in- 
cludes collecting a sample from the anode exhaust 
stream 38, prior to entering the waste energy recovery 
assembly 26. Post-analysis, the samples can be direct- 
ed via tubing 56, or through tubing 58, to the waste en- 
ergy recovery assembly 26. . 
[0016] The waste energy recovery assembly 26 re- 
ceives an anode supply (i.e., reformate) 42 and a cath- 
ode supply (i.e., oxidant) 34 that can be heated in the 
waste energy recovery assembly 26. The heated anode 
supply 44 and cathode supply 36 are then directed to 
the SOFC stack 24. To aid in heating the anode supply 
42 and cathode supply 34, the waste energy recovery 
assembly 26 recovers the heated anode exhaust 38 and 
cathode exhaust 46 from the fuel cell stack 24. A flow 



of reactionbyproducts'(e:g7waterrcarbondioxideretc:) 

60 can be discharged from the waste energy recovery 

assembly 26 to the exterior environment. 

[0017] The SOFC stack24 can be a multilayer ceram- 

5 ic/metal composite structure design to produce electric- 
ity 70 at an operating temperature of about 600°C to 
about 1,000°C, with about 700°C to about 900°C pre- 
ferred. It can comprise one or more multi-cell modules 
that are mountedto acommon gas distribution manifold. 

10 Each module of the SOFC stack 24 produces a specific 
voltage that is a function of the number of cells in the 
module. Electrical attachment of the SOFC stack 24 is 
accomplished by way of electrodes that lead out of the 
hot box chamber 1 6 and system enclosure 20 to the ve- 

15 hide power bus and system (not shown). The output 
voltage and current is controlled by the combination of 
these modules in series and parallel electrical connec- 
tion, the air/fuel control system, and the electric load ap- 
plied to the fuel cell system 10. 

20 [0018] To facilitate the reaction in the fuel cell, a direct 
supply of fuel, such as hydrogen, carbon monoxide, or 
methane, is preferred. However, concentrated supplies 
of these fuels are generally expensive and difficult to 
supply. Therefore, the specific fuel can be supplied by 

25 processing a more complex source of the fuel. The fuel 
utilized in the system is typically chosen based upon the 
application, expense, availability, and environmental is- 
sues relating to the fuel. 

[0019] Possible sources of fuel include conventional 

30 fuels such as hydrocarbon fuels, including, but not lim- 
ited to, liquid fuels, such as gasoline, diesel, ethanol, 
methanol, kerosene, and others; gaseous fuels, such as 
natural gas, propane, butane, and others; and alterna- 
tive fuels, such as hydrogen, biofuels, dimethyl ether, 

35 and others; and synthetic fuels, such as synthetic fuels 
produced from methane, methanol, coal gasification or 
natural gas conversion to liquids, and combinations 
comprising at least one of the foregoing methods, and 
the like; and combinations comprising at least one of the 

40 foregoing fuels. The preferred fuel is typically based up- 
on the power density of the engine, with lighter fuels (e. 
g., those that can be more readily vaporized and/or con- 
ventional fuels which are readily available to consum- 
ers) generally preferred. 

45 [0020] The processing (or reforming) of hydrocarbon 
fuels, such as gasoline, can be completed to provide an 
immediate fuel source for rapid start up of the solid oxide 
fuel cell, as well as protecting the solid oxide fuel cell by 
removing impurities. Fuel reforming in a reformer sys- 

50 tern 22 (e.g. , a main reformer and a micro-reformer) can 
be used to convert a hydrocarbon (such as gasoline) or 
an oxygenated fuel (such as methanol) into a reformate 
(e.g., hydrogen and carbon monoxide) and byproducts 
(e.g., carbon dioxide and water). Common approaches 

55 include steam reforming, partial oxidation, auto reform- 
ing, and the like, as well as combinations comprising at 
least one of the foregoing approaches. 
[0021] The waste energy recovery assembly 26 is lo- 
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cated withirrthehot box-chamber 1 6 and serves tocon™ 
vert the unused chemical energy (e.g., reformate) and 
thermal energy (exothermic reaction heat from the 
SOFC stack 24) to input thermal energy for the fuel cell 
system 20 through the use of an integration of catalytic 
combustion zones and heat exchangers. Oxidant is sup- 
plied to the waste energy recovery assembly 26 from 
the process air supply section 18 in the main plenum 
chamber 12. The waste energy recovery assembly 26 
can receive fuel from two sources during operation. Dur- 
ing the early part of start-up, low-grade reformate from 
the reformer system 22 can be routed, with a supply of 
air, directly to the waste energy recovery assembly 26 
catalytic com bustor. During normal operation, reformate 
can be directed through the waste energy recovery as- 
sembly 26 heat exchangers to the SOFC stack 24. The 
output of the SOFC stack 24, anode exhaust 46 and 
cathode exhaust 38 can be routed back to the waste 
energy recovery assembly 26 catalytic combustor to be 
mixed and catalyzed. The catalytic combustion zone 
heats the integrated heat exchangers of the waste en- 
ergy recovery assembly 26. 

[0022] The waste energy recovery assembly 26 can 
be a series of connected thermal exchange structures 
(e.g., plates, tubes, and the like) having one or more 
openings (or manifold-passages) that border the edge 
of the plates, for example, for the flow of oxidant, refor- 
mate, and/or exhaust gases. The total number of plates 
forming a waste energy recovery assembly 26 can 
range from two to several hundred, depending on space 
and weight restrictions, and the like. 
[0023] The thermal management system of the fuel 
cell system 1 0 is designed to insulate the internal hard- 
ware and protect the exterior surface temperature. The 
thermal management system incorporates three pres- 
surized and segmented chambers housed in the system 
enclosure 20. The system enclosure 20 serves as the 
"outer skin" of the axillary power unit, supports the in- 
ternal components, and is preferably actively tempera- 
ture controlled for specific operational temperature lim- 
its. The three chambers are the main plenum chamber 
12, insulation plenum chamber 14, and hot box chamber 
16. The system enclosure 20 houses the main plenum 
chamber 12 and the insulation plenum chamber 14. In- 
ternal to the insulation plenum chamber 14 can be the 
hot box chamber 16, which houses the SOFC stack 
modules 24, waste energy recovery assembly 26, op- 
tionally the fuel reformer system 22, and several option- 
ally other high temperature components. 
[0024] The process air system section 18 can com- 
prise the electric powered blower fan that pressurizes 
the chambers (main plenum chamber 12, insulation ple- 
num chamber 14, and hot box chamber 16) for process 
air, cooling, and purging of the SOFC system 10. The 
blower can draw air over the top horizontal face of the 
system enclosure 20. This air path can cool the top sur- 
face to temperatures of about 45°C or less, which is 
within the limits for attachment to a vehicle. The pres- 



surized-aircan-be-discharged-into _ the"main*plenum 

chamber 1 2 and metered through a series of air control 
valves. 

[0025] In order to monitor the performance of the 

5 SOFC system 1 0, samples of the gas streams are col- 
lected and analyzed. However, because the environ- 
ment within the hot box chamber 16 experiences high 
temperatures (e.g., of about 600°C to about 1,000°C), 
the gas sample is preferably directed out of the hot box 

io chamber 1 6 to be analyzed. 

[0026] As illustrated in Figure 1 , a gas sensor is locat- 
ed within the main plenum chamber 1 2 of the SOFC sys- 
tem 10. Collection of a sample from a gas stream within 
the hot box chamber 1 6 can be completed at several 

15 locations, although only sampling location S is illustrat- 
ed. Tubing 52 directs the sample through at least one 
loop (although a series of loops is preferred) as illustrat- 
ed by numeral 54, for cooling prior to entering the gas 
sensor 50 for analysis. Post-analysis the sample can be 

20 directed out of the SOFC system 1 0 via tubing 56 or be 
directed through tubing 58 to the waste energy recovery 
assembly 26 for further processing prior to discharge via 
the flow of reaction byproducts 60. 
[0027] Due to the high temperatures, the gas sensor 

25 50 is preferably positioned within the main plenum 

chamber 12 of the SOFC system 1 0, since the temper- 
ature within the main plenum chamber 12 can be less 
than about 100°C. In the alternative, the gas sensor 50 
can be positioned external to the system enclosure 20. 

30 The gas sensor 50 can be any gas sensor capable of 
determining (or recognizing) specific compounds and 
preferably their concentrations. 
[0028] The gas sensor 50 analyzes the collected sam- 
ple from the gas streams (or process gas), flowing within 

35 the hot box chamber 1 6, to determine the constituents 
or compounds being generated and their proportions. 
The gas sensor 50 can be any sensor configured to test 
for any constituents or compounds being directed to, or 
from, the SOFC stack, including hydrogen, methane, 

40 carbon monoxide, carbon dioxide, water, and the like. 
For example, the gas sample for location S can be col- 
lected following the reformer system 22. The concentra- 
tions of reformate constituents will provide an indication 
of how the reformer system 22 is performing. Alterna- 

45 tively, a sample can be collected from the anode exhaust 
stream. In this case, the gas sensor 50 would measure 
concentrations of the anode exhaust stream and poten- 
tially compare them to the reformate stream in order to 
. provide an indication of how the SOFC stack 24 is per- 

50 forming. A sample could also be collected from the 
waste energy recovery assembly exhaust 60 (or system 
exhaust) to monitor emissions performance. 
[0029] After measuring the sample, a signal is gener- 
ated in the sensor 50 and relayed to a controller. After 

55 processing the signal from the sensor 50, the controller 
can operably communicate with the appropriate system 
component to adjust the operation of the SOFC system 
10. 
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~The-sample-can-be-directed'outside-thehotboxcham- 
ber 1 6 with tubing 56. Likewise, tubing 58 can direct the 
sample, post-analysis, back into the hot box chamber 
1 6 to the waste energy recovery assembly 26. Prefera- 
bly, the sample, post-analysis, is directed to the waste 
energy recovery assembly 26, or for another appropri- 
ate device, for catalytic after treatment, and/or combus- 
tion prior to release to the exterior of the SOFC system 
10. The tubing 52, 58 can be any material capable of 
withstanding the high temperature environment, includ- 
ing nickel, ferrous materials, such as stainless steel, and 
the like, and alloys and combinations comprising at least 
one of the foregoing materials. Tubing 56 can direct the 
sample, post-analysis, directly to the exterior of the 
SOFC system 10. However, unlike tubing 52 and 58, 
tubing 56 can also comprise any lower temperature (e. 
g., about 100°C or less) materials, including steel, alu- 
minum, copper, and the like, and alloys and combina- 
tions comprising at least one of the foregoing materials. 
The sample is collected within the hot box chamber 1 6, 
which is operating at high temperatures. The sample is 
preferably cooled prior to entering the gas sensor 50 
The tubing 52 is located within both the hot box chamber 
1 6 and the main plenum chamber 12, therefore experi- 
encing a change in temperature from greater than about 
600°C (when operating) in the hot box chamber 1 6 to a~ 
temperature of less than about 100°C in the main ple- 
num chamber 12. As the sample travels from the hot 
box chamber 16 through tubing 52 to the main plenum 
chamber 12, the sample cools. This cooling can be 
achieved by directing the sample through tubing 52 with- 
in the cooler main plenum chamber 12 and through at 
least one loop, as illustrated by numeral 54, which al- 
lows the sample to transfer thermal energy to the main 
plenum chamber 12, thereby cooling the sample to a 
temperature of about 100°C or less. The number of 
loops utilized should allow for sufficient cooling of the 
sample to a suitable (or measurable) temperature forthe 
gas sensor 50 (e.g., less than about 100°C). Alterna- 
tively, the sample can be directed through tubing 52 to 
a device capable of transferring thermal energy, such 
as a heat exchanger, and the like, prior to entering the 
gas sensor 50. 

[0030] The pressurized gases flow through the SOFC 
system 1 0 from the highest pressure created in the proc- 
ess air system 18 to the lowest pressure in the waste 
energy recovery assembly 26. Because of this design, 
there is ample pressure to collect the sample without 
requiring an additional pump to transport the sample. 
[0031] Monitoring of the gases of the SOFC system 
is simplified by using sensors, e.g., conventional sensor 
(s), located exterior to the hot box chamber, thereby re- 
ducing costs. Further, this design is also cost effective 
since it does not require an additional pump, and since 
the cooling effect of the coiled tube decreases the tem- 
perature of the sample allowing for effective analysis by 
the gas sensor without a separate heat exchanger. 
[0032] While the invention has been described with 



10 



■reference toanexemplaryembodimentritwiUbeunder- 
stood by those skilled in the art that various changes 
may be made and equivalents may be substituted for 
elements thereof without departing from the scope of the 
invention. In addition, many modifications may be made 
to adapt a particular situation or material to the teach- 
ings of the invention without departing from the essential 
scope thereof. Therefore, it is intended that the invention 
not be limited to the particular embodiment disclosed as 
the best mode contemplated for carrying out this inven- 
tion, but that the invention will include all embodiments 
falling within the scope of the appended claims. 



15 Claims 

1 . A method for monitoring process gas of a solid ox- 
ide fuel cell system (10), comprising: 

20 directing a portion of process gas from a cham- 

ber (1 6) of said solid oxide fuel cell system (10) 
to a main plenum chamber (1 2); 
cooling said portion of process gas to a meas- 
urable temperature; 

25 directing said cooled portion of process gas to 

a sensor (50); and 

analyzing said cooled portion of process gas in 
said sensor (50). 



30 2. 



35 



The method of Claim 1, wherein said portion of 
process gas is selected from the group consisting 
of reformate, anode exhaust, system exhaust, and 
combinations comprising at least one of the forego- 
ing process gases. 

The method of Claim 1 , wherein said sensor (50) is 
operating in an environment having a temperature 
of about 1 00° C or less. 



40 4. The method of Claim 1, wherein said measurable 
temperature is about 100°C or less. 



The method of Claim 1 , wherein said cooling com- 
prises directing said portion of process gas through 
a tubing (52) having at least one loop (54). 



45 



50 



6. The method of Claim 1 , wherein said cooling com- 
prises directing said portion of process gas through 

. a heat exchanger. 

7. The method of Claim 1, wherein said analyzing 
comprises determining the concentration of gas 
constituents. 



55 8. The method of Claim 1 , further comprising eliminat- 
ing said cooled portion of process gas through a de- 
vice for processing waste products (26). 
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-9— The-methodof eiaimlTfurther comprisingrelaying- 
a signal from said sensor (50) to a controller. 

10. The method of Claim 9, further comprising adjusting 
the operation of the solid oxide fuel cell system (10) 
based upon said signal. 

11. A method for monitoring reformate of a solid oxide 
fuel cell system (10), comprising: 

directing a portion of reformate from a chamber 
(16) of said solid oxide fuel cell system (1 0) to 
a main plenum chamber (1 2); 
cooling said portion of reformate to a measur- 
able temperature; 

directing said cooled portion of reformate to a 
sensor (50); 

analyzing said cooled portion of reformate in 
said sensor (50); 

relaying a signal from said sensor (50) to a con- 
troller; and 

eliminating said cooled portion of reformate 
from said solid oxide fuel cell system (10). 

12. The method of Claim 11 , wherein said sensor (50) 
- is operating in an environment having _ a tempera- 

ture of about 1 00°C or less. 

13. The method of Claim 11 , wherein said measurable 
temperature is about 100°C or less. 

14. The method of Claim 11 , wherein said cooling com- 
prises directing said portion of reformate through a 
tubing (52) having at least one loop (54). 

15. The method of Claim 11 , wherein said cooling com- 
prises directing said portion of reformate through a 
heat exchanger. 

16. The method of Claim 11, wherein said analyzing 
comprises determining the concentration of gas 
constituents. 

17. The method of Claim 11 , further comprising adjust- 
ing the operation of the solid oxide fuel cell system 
(10). 

18. A solid oxide fuel cell system (10), comprising: 

a chamber (16) disposed around a fuel cell 
stack (24) and a waste energy recovery assem- 
bly (26); a means for diverting (52) a portion of 
process gas contained within said chamber 
(26) in fluid communication with a means for 
cooling (54) said diverted portion of process 
gas to a measurable temperature; and 
a means for analyzing (50) said cooled portion 
of process gas. 
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1 9— The-solid-oxide-f ue|-cel|-system-(1 0)-ofClaim-1 8, 
wherein said portion of process gas is selected from 
the group consisting of reformate, anode exhaust, 
system exhaust, and combinations comprising at 
least one of the foregoing process gases. 

20. The solid oxide fuel cell system (10) of Claim 18, 
wherein said means for analyzing (50) is a sensor 
operating in an environment having a temperature 
of about 100°C or less. 

21. The solid oxide fuel cell system (10) of Claim 20, 
wherein said environment is within a system enclo- 
sure (20), said system enclosure (20) is disposed 
around said chamber (1 6). 

22. The solid oxide fuel cell system (10) of Claim 18, 
wherein said measurable temperature is about 
100°C or less. 

23. The solid oxide fuel cell system (10) of Claim 18, 
wherein said means for diverting (52) is a tubing. 



24. The solid oxide fuel cell system (10) of Claim 23, 
25 wherein said means for cooling (54) comprises at 

least one loop of said tubing. " — - 

25. The solid oxide fuel cell system (10) of Claim 18, 
wherein said means for cooling (54) comprises a 

30 heat exchanger. 

26. The solid oxide fuel cell system (10) of Claim 18, 
f urthercomprising a means for directing said cooled 
portion of process gas from said solid oxide fuel cell 

35 system. 

27. A solid oxide fuel cell system (10), comprising: 



20 



a chamber (1 6) disposed within said solid oxide 

40 fuel cell system (10); 

a means for diverting (52) a portion of process 
gas contained within said chamber (1 6) in fluid 
communication with a means for cooling (54) 
said diverted portion of process gas to a meas- 

45 urable temperature; 

a means for analyzing (50) said cooled portion 
of process gas; 

a means for receiving a signal from said means 
for analyzing; and 
50 a means for directing (58) said cooled portion 

of process gas out of said solid oxide fuel cell 
system (10). 

28. The solid oxide fuel cell system (10) of Claim 27, 
55 wherein said portion of process gas is selected from 
the group consisting of reformate, anode exhaust, 
system exhaust, and combinations comprising at 
least one of the foregoing process gases. 
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29r-The-solid-oxide-fue|-cel|-system-(10)-of-e!aim-27, 
wherein said means for analyzing (50) is a sensor 
operating in an environment having a temperature 
of about 100°Cor less. 

30. The solid oxide fuel cell system (10) of Claim 29, 
wherein said environment is within a system enclo- 
sure (20), said system enclosure (20) is disposed 
around said chamber (16). 

31. The solid oxide fuel cell system (10) of Claim 27, 
wherein said measurable temperature is about 
100°C or less. 



32. The solid oxide fuel cell system (10) of Claim 27, is 
wherein said means for diverting (52) is a tubing. 

33. The solid oxide fuel cell system (10) of Claim 27, 
wherein said means for cooling (54) comprises at 
least one loop of said tubing. 20 

34. The solid oxide fuel cell system (10) of Claim 27, 
wherein said means for cooling (54) is a heat ex- 
changer. 

25 
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